Summary. It has been suggested that in superovulated women the endogenous LH surge is attenuated by a non-steroidal factor, called gonadotrophin surge-attenuating factor (GnSAF), which reduces gonadotrophin secretion in response to LHRH. To determine whether human follicular fluid (hFF) from superovulated women contains GnSAF activity, the secretion of LH and FSH by cultured sheep pituitaries was studied. After charcoal extraction of steroids, hFF was treated by heparin/Sepharose chromatography, which reversibly binds inhibin. The effects of whole hFF and the bound and unbound fractions on basal and LHRH-induced gonadotrophin secretion were then assessed. Steroid-free hFF significantly reduced basal FSH, but not basal LH, secretion, and significantly attenuated the LH and FSH responses to LHRH. The bound (inhibin) fraction significantly decreased both basal and LHRH-induced FSH secretion but did not affect LH release. The unbound fraction had no effect on basal LH or FSH secretion, but significantly attenuated LHRH-induced secretion of both LH and FSH. We conclude that the unbound fraction of hFF from superovulated women contains GnSAF. It has been demonstrated that GnSAF is a non-steroidal factor and its activity is distinct from that of inhibin.
Introduction
It has been established that when an LH surge occurs in superovulated women it is markedly attenuated compared to that seen in spontaneous cycles (Messinis et ai, 1985 (Messinis et ai, , 1986a ; Messinis & Templeton, 1986) . The degree of LH surge attenuation is related to the degree of ovarian hyperstimulation and it has been suggested that ovarian non-steroidal factors are responsible (Messinis et ai, 1986b ; Messinis & Templeton, 1987) . The pituitary response to exogenous LHRH is signifi¬ cantly attenuated, in the mid-and late follicular phases ofthe cycle, in women hyperstimulated with clomiphene citrate or 'pure' FSH (Messinis & Templeton, 1989 , 1990 . These studies have provided evidence that hyperstimulated ovaries produce a substance which attenuates the endogenous LH surge through the reduction of the pituitary response to LHRH. This factor has been termed gonadotrophin surge-attenuating factor (GnSAF: Messinis & Templeton, 1989 , 1990 .
In-vitro studies have demonstrated that pig follicular fluid, bovine follicular fluid and rat ovarian extract each contain a non-steroidal factor which suppresses the response of cultured rat pituitary cells to LHRH, but does not affect basal LH or FSH secretion (Danforth et ai, 1987; de Koningera/., 1987 de Koningera/., , 1989 .
The aim of the present study was to determine whether follicular fluid from hyperstimulated women contains GnSAF, and to carry out simple purification of human follicular fluid to investigate whether GnSAF activity is distinct from inhibin.
Materials and Methods

Pituitary cell culture
Heads of [5] [6] freshly slaughtered ewes were opened and the anterior pituitary glands (pars distalis) removed at the abattoir. The pituitaries were washed with, and then stored in, Dulbecco 24 h and then centri¬ fuged at 60 000 g for 30 min at 4°C and the supernatant harvested. The whole process was repeated, the supernatant filtered through 0-2-pm filters under sterile conditions and the FF stored in 1000 pi samples at -25°C The first batch of human FF was extracted a third time ( 3 extracted) rather than twice ( 2 extracted), and the procedure had the effect of diluting the FF, 1:8 for the first batch and 1:4 for the second batch. Charcoal-extracted human FF is hereafter referred to as steroid-free hFF and doses are referred to in terms of pi pre-extracted ('raw') hFF.
The ability of heparin to bind inhibin reversibly, but few other constituents of hFF (Ling et ai, 1985) , was used to remove inhibin from the hFF. A 7 ml sample ofthe 3-extracted hFF was applied to a 40 ml (2-5 7-8 cm) heparin/ Sepharose column (CL-6B, Pharmacia) equilibrated with Tris-hydroxymethyl methylamine Tris-HCl buffer (pH 7-8), containing 150 mmol NaCl/1, at 4°C and 1 ml/min. The matrix was washed with buffer until absorbance returned to baseline (280 nm). The bound proteins were eluted with 50 mmol Tris-HCl/1 (pH 7-8) buffer containing 2 mol NaCl/1, monitored at 280 nm. The bound and unbound proteins were concentrated separately, to 3 ml, using a 50 ml concentrator (YM2, Amicon Ltd, Stonehouse, Glos., UK), dialysed twice against 50 mmol sodium phosphate/1 buffer (pH 7-4) containing 150 mmol NaCl at 4°C and made up to 7 ml with culture medium.
Effect of hFF on in-vitro gonadotrophin secretion All collected media were stored at -25°C for RIA. Each experimental group consisted of 4 wells and all incu¬ bations were carried out at 37°C and 5% C02 in incubators under sterile conditions. The cells were plated out for 48 h before the start of experiments. The incubation time with hFF was a further 48 h unless stated otherwise and LHRH trials were carried out using 1-4 pmol LHRH/1 (Ayerst Laboratories Ltd, Andover, Hants, UK), an effective but not saturating dose, and involved 4-h incubation periods with or without LHRH. These trials were carried out using serum-free culture medium to avoid steroid effects and were always matched with wells incubated for 4 h with serumfree medium, but not LHRH to enable the determination of comparable basal gonadotrophin secretion. All exper¬ iments included controls for basal or LHRH-induced secretion, in which the wells were treated in exactly the same manner as experimental wells except for the exclusion of doses of hFF or chromatography fractions. A. S. et ai, 1986) . The sensitivities ofthe assays were 1-7 ng/ml (NIDDK-oFSH-RP-1) for FSH and 11 ng/ml for LH (NIDDK-oLH-S23) while intra-and inter¬ assay coefficients of variation (CV) were 40 and 140% and 6-5 and 15-2% respectively. Pre-and post-charcoal extraction concentrations of human oestradiol, progesterone and testosterone in hFF were measured using commer¬ cial kits. The oestradiol assay (Serono Diagnostics Ltd, Woking, Surrey, UK) had a lower limit of detection of 60pmol/1 and intra-and inter-assay CVs of 5-0% and 80% respectively. The 
Results
Mean cell viability in 7 cultures was 85-3 + 2-2%. The charcoal extraction resulted in marked reduction in steroid concentrations: 3-extracted hFF contained oestradiol and progesterone con¬ centrations of < 60 pmol/1 and 2-6 nmol/1 respectively while 2-extracted hFF contained concen¬ trations of < 60 pmol oestradiol/1 and 4-7nmol progesterone/1 respectively. Testosterone in both preparations was <0-7 nmol/1. Dose-response to hFF Doses of steroid-free hFF as low as 0005 µ resulted in a significant attenuation (76-8 ± 61% of control, t test, < 005) of LHRH-induced LH secretion (Fig. la) . The greatest attenuation of LHRH-induced LH release occurred between 005 and 25 µ hFF, with LH concentrations reduced to between 28-4 ± 2-3 and 35-6 ± 4-4% of control. Basal LH secretion did not change significantly relative to control values (Fig. lb) Note that doses of hFF are expressed in terms of µ pre-extraction hFF/600 µ culture medium. Differences compared to controls (100%): *P < 005, **P < 001, ***P < 0001 (t test).
Effect of duration of hFF incubation
The effects of 5 µ steroid-free hFF on gonadotrophin secretion were not immediate. LHRHinduced LH and FSH secretion were only significantly attenuated (t test, < 005 and < 001 respectively) after a minimum of 12 h of incubation with 5 µ hFF before a 4-h trial with or without LHRH (Fig. 2a) . Similarly, although basal LH secretion was unaffected, basal FSH secretion (Fig.  2b) was significantly reduced after a minimum of 12 h incubation with hFF. At 48 h of incubation, before 4-h trials with or without LHRH, marked attenuation of LHRH-induced LH secretion (340 ± 6-3% of control) and both basal and LHRH-induced FSH secretion (19-6 ± 1-9% and 23-8 + 7-6% respectively) was observed. Increasing the duration of incubation to 72 h resulted in no further significant depression of gonadotrophin secretion, and indeed LHRH-induced FSH release was 1-2 ± 61% higher than at 48 h. Therefore, since 48-h incubation with hFF resulted in maximal attenuation of LHRH-induced LH secretion, this period was used as a standard incubation time for further experiments.
Bioassay of chromatography fractions
The effects of 48-h incubation with 5 µ steroid-free hFF and bound and unbound fractions from the affinity chromatography are shown in Fig. 3 . Steroid-free hFF was included as a control and produced significant attenuation of basal and LHRH-induced FSH release (t test, < 001, 26-8 + 4-8% and 20-3 + 0-3% of control, respectively) but significantly attenuated LHRHinduced LH secretion (t test, < 001, 58-2 ± 2-6% of control) without affecting basal LH secretion.
The unbound fraction produced no significant change in basal LH and FSH secretion. On the other hand, LHRH-induced LH and FSH secretion were reduced to 47-5 ± 1-6% and 22-1 + 1-8% of control concentrations respectively (t test, < 001). The Fig. 3 . Differences in the effects of 5 µ hFF, unbound (GnSAF-containing) and bound (inhibin) fractions from heparin/Sepharose chromatography on (a) LHRH-induced and (b) basal LH ( ) and FSH ( ) secretion in vitro. Differences compared to controls (100%): *P < 005, **P < 0-01, ***P < 0001 (t test).
basal and LHRH-induced FSH secretion (t test, < 001, 29-7 + 40% and 20-2 + 2-6% of con¬ trol respectively). In all three groups basal LH secretion was over 120% of control basal release. Due to the variability of basal LH secretion these differences were not significant. The quality control samples of 3-extracted hFF yielded GnSAF bioassay intra-and inter-assay CVs of 8-1% and 16-5% respectively. The index of precision ( ) was 0174.
Discussion
GnSAF is a putative ovarian factor which in superovulated women attenuates the pituitary response to exogenous LHRH (Messinis & Templeton, 1989 , 1990 . In the present study an attempt was made to determine whether hFF obtained from superovulated women contains GnSAF bioactivity. The ovine pituitary cell culture system used in this study is an established bioassay for the measurement of inhibin bioactivity (Tsonis et ai, 1986) . In this system GnSAF bioactivity was considered to be present when a significant suppression of LHRH-induced LH and FSH secretion was seen in the various experiments. Since the incubation of pituitary cells with charcoal-treated hFF resulted in a marked reduction of LHRH-induced gonadotrophin release, the present results suggest that hFF contains GnSAF. The potency of GnSAF is also evident given that doses as low as 0005 µ hFF resulted in significant attenuation of LHRH-induced LH secretion and that there was no significant increase in bioactivity with hFF doses above 005 µ . Significant GnSAF activity was detected after only 12 h of incubation of pituitary cells with hFF before 4-h LHRH trials. However, maximal activity was observed following 48-h incubation with hFF, and this formed the basis for the GnSAF bioassay used in the present study.
Human FF contains a variety of substances, including steroids and inhibin, which are known to affect gonadotrophin secretion. Although in the present study very low quantities of steroids remained in the hFF after charcoal extraction, the activity of inhibin was evident from the signifi¬ cant suppression of basal FSH, but not LH, release (Franchimont et ai, 1981) . Since purified inhibin is able to suppress LHRH-induced FSH and LH secretion from rat pituitary cells in vitro (Farnworth et ai, 1988) , in the present study we had to exclude the possibility that GnSAF bioactivity in hFF was due to inhibin.
In this study the known high affinity of heparin for inhibin (Ling et ai, 1985; Danforth et ai, 1987) was used to separate out this molecule and so demonstrate the distinctive activity of GnSAF. The heparin-bound fraction exhibited classic inhibin activities including the suppression of basal and LHRH-induced release of FSH without affecting LH secretion (Franchimont et ai, 1981) . On the other hand, the unbound fraction suppressed the response of both LH and FSH to LHRH, suggesting that this fraction contained the GnSAF bioactivity. The fact that neither GnSAF nor inhibin, or hFF, suppressed basal LH secretion in the present study supports the theory of the differential regulation of basal LH and FSH secretion and, in agreement with in-vivo data, suggests that basal LH secretion is mainly controlled by steroidal factors, while non-steroidal factors are more important for FSH secretion (Messinis & Templeton, 1989) . A greater suppression of FSH than LH in response to LHRH was seen in the present study, although in-vivo data have shown similar degrees of attenuation of these two hormones in superovulated women (Messinis & Templeton, 1989) . This difference may, however, be explained by different conditions in vivo and in vitro. The trend for slightly elevated basal LH in Fig. 3 was not consistently observed in dose and incubation time experiments (Figs 1 & 2) . This was unlikely to have been due to the chromatography since the stock hFF resulted in similar levels of basal LH and basal LH release was, in any case, variable. Whether these results are due to a further constituent of follicular fluid remains to be determined.
The hFF used in the present experiments contained very low concentrations of steroids after charcoal treatment. Previous studies have shown that oestradiol, even at a dose of 10 pmol/1, is able to suppress FSH secretion in pituitary cell cultures similar to the one used in the present study (Tsonis et ai, 1986) . In addition, progesterone at high concentrations has a similar effect (Batra & Miller, 1985; Tsonis et ai, 1988) . However, the concentrations of these two steroids contained in the hFF doses used in the present study were much lower than those in the above studies, and when the unbound fraction was tested with the bioassay, basal secretion of LH and FSH was not sup¬ pressed (Fig. 3) . This suggests that in the present experiments the biological activities of oestradiol and progesterone were negligible. Furthermore, oestradiol has been shown to increase, rather than decrease, the responsiveness of cultured sheep pituitary cells to LHRH (Huang & Miller, 1980) . Testosterone concentrations in the charcoal-treated hFF were also very low in the present study and in-vivo data have shown no effect of testosterone on the pituitary response to LHRH in super¬ ovulated women (Messinis & Templeton, 1989) . These results therefore support in-vivo evidence that GnSAF is a non-steroidal factor (Messinis & Templeton, 1987 .
Previous studies of other species have investigated non-steroidal factors contained in follicular fluid and have shown different effects on gonadotrophin secretion. Inhibin from sheep FF injected into ovariectomized ewes did not affect the oestradiol-induced LH surge (Mann et ai, 1988) , while in ovariectomized heifers bovine FF blocked the oestradiol-induced LH surge, but did not affect the LH response to exogenous LHRH (Beard et ai, 1988) . Also, pig FF reduced LHRH-induced LH release from rat pituitaries both in vitro (Danforth et ai, 1987) and in vivo (Rush et ai, 1981) , but not from cultured sheep pituitaries (Huang & Miller, 1984) . Conversely, pig FF did not reduce the release of bioactive LH in response to exogenous LHRH from monkeys in-vivo, but effectively blocked oestradiol-induced LH surges (Sopelak & Hodgen, 1984) . These findings underline the importance of species differences in studies of ovary/pituitary interactions and may also reflect differences in experimental methods.
In conclusion, we have shown that follicular fluid from superovulated women contains a potent non-steroidal factor that greatly reduces the response of cultured sheep pituitary cells to LHRH. This factor (GnSAF) is distinct from inhibin and results from this study support in-vivo observations of GnSAF activity in superovulated women.
